The theoretical computation of the superconducting state parameters (SSP) viz; electron-phonon coupling strength λ, Coulomb pseudopotential µ * , transition temperature T , isotope effect exponent α and 
Introduction
During the last several years, superconductivity remains a dynamic area of research in condensed matter physics with continual discoveries of novel materials and with an increasing demand for novel devices for sophisticated technological applications. A large number of amorphous metals and amorphous alloys are superconductors, with critical temperature T C ranging from 1-18 K . The pseudopotential theory has been used successfully in ex-plaining the superconducting state parameters (SSP) for metallic elements by many investigators . Many of them have used well known model pseudopotential in the calculation of the SSP for the metallic elements. Recently, Vora et al. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] have studied the SSP of some metallic superconductors using single parametric model potential formalism. In the present study, we have used the well known McMillan's theory [20] of superconductivity for predicting the SSP of some monovalent (Cu and Au), divalent (Ca, Sr, Ba, αHg, βHg and Ra) and polyvalent (Lu, Rh, Sc, Y, La, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Ac, Th, Hf, Ru, Os, Ir, V, Ta, Pa, Cr, Mo, U, Re, Np and Pu) amorphous metals based on the different groups of the periodic table. We have used Ashcroft's empty core (EMC) model potential [26] for studying the electronphonon coupling strength λ, Coulomb pseudopotential µ * , transition temperature T , isotope effect exponent α and effective interaction strength N O V for the first time. To asses the the impact of various exchange and correlation functions on the above mentioned properties, in this study we have employed five different types of local field correction functions proposed by Hartree (H) [27] , Taylor (T) [28] , Ichimaru-Utsumi (IU) [29] , Farid et al. (F) [30] and Sarkar et al. (S) [31] . We have incorporated for the first time more advanced local field correction functions due to IU [29] , F [30] and S [31] with EMC model potential in the present computation of the SSP for amorphous metals. Out of 37 elements of the prosodic table, three (Ca, Sr and Ba) are the simple metallic elements, thirteen (Cu, Au, αHg, βHg, Rh, Hf, Ru, Os, Ir, V, Ta, Cr and Mo) the transition metallic elements and a further thirteen (Lu, Sc, Y, La, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er and Tm) constitute the rare earth metallic elements and also eight (Ra, Ac, Th, Pa, U, Re, Np and Pu) the actinide elements.
Theoretical methodology
The well known Ashcroft's empty core (EMC) model potential [26] used in the present computations of the SSP of metals is of the form,
where Z Ω O and C are the valence, atomic volume and parameter of the model potential of metals, respectively. The Ashcroft's empty core (EMC) model potential is a simple one-parameter model potential [26] , which has been successfully applied towards a variety of metallic complexes [5] [6] [7] [8] [9] [10] [11] [12] 18] . When combined with a suitable form of dialectic screening functions, this potential has also been found to yield good results in computing the SSP of metallic elements [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The analysis of the model potential parameter C with corresponding values determined for the electron-phonon coupling strength λ and transition temperature T C was shown to be in good agreement with the theoretical or experimental values. In the present investigation concerning the amorphous metals, the electron-phonon coupling strength λ is computed using the relation [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 
Here is the band mass, M the ionic mass, Ω O the atomic volume, F the Fermi wave vector, V ( ) the screened pseudopotential and ω 2 the averaged square phonon frequency, of the amorphous metals, respectively. The ω 2 is calculated using the relation given by Butler [32] , ω 2 1/2 = 0 69 θ D , where θ D is the Debye temperature of the amorphous metals. Using X = /2 F and Ω O = 3 π 2 Z /( F ) 3 , we obtain equation (2) as,
where Z , V (X ) are the valency of the amorphous metals and screened pseudopotential for metallic system, respectively. The BCS theory derivation provides the equation 
, where µ * is a "renormalized" Coulomb repulsion, reduced in value from µ to µ [1 + µ ln (ω P /ωD)]. This suppression of the Coulomb repulsion results from the fact that the electronphonon attraction is retarded in time by the increment ∆ ≈ 1/ω D whereas the repulsive screened Coulomb interaction is retarded by a much smaller time, ∆ 1/ω P where ω P is the electronic plasma frequency. Therefore, µ * is bounded above by 1 ln (ω P /ωD) for which conventional metals should be of the order ≤ 0.2. Values of λ are known to range from ≤ 0.10 to ≥ 2.0. Furthermore, the parameter µ * is assigned a value in the range 0.10-0.15, consistent with tunneling and with theoretical estimations. Calculations of µ or µ * are computationally demanding and are not yet fully evaluatedtheoretically . Calculations of λ are slightly less demanding and adhere to theoretical evaluations more closely, , and mumerous attempts have been made over the years to achieve this aim. Prior to 1990, calculations of λ generally required knowledge of the phonon frequencies and eigenvectors as input information, and approximating the form of the electron-ion potential. McMillan [20] and Hopfield [22] pointed out that one could define a simpler quantity, η = N (0) I 2
The advantage here is that η and I 2 are purely "electronic" quantities, requiring no input information about phonon frequencies or eigenvectors. Gaspari and Gyorffy [33] then invented a simplified algorithm for calculating η, and many investigators have used this. These calculations generally require a "rigid ion approximation" or some similar estimate for the perturbing potential experienced by electrons when an atom has moved. Given η, one can estimate a value for ω 2 (for example, from θ D ). In the weak coupling limit of the electron-phonon interaction, the fundamental equations of the BCS theory should be derived from the Eliashberg equations. This conversion is possible upon some approximation of the phonon frequency |ω| ≥ ω D with ω D denote the Debye frequency [36] . Morel and Anderson [34] proposed the equation of the transition temperature
, which is nearly equal to the factor 6 for monovalent, bivalent and tetravalent metals. Where E F = 2 F is the Fermi energy and ω the phonon frequency of the metallic substances. The effect of phonon frequency is much less in comparison with the Fermi energy. Hence, the overall effect of the Coulomb pseudopotential is reduced by the large logarithmic term. Therefore, Rajput and Gupta [35] have introduced the new term 10θ D in place of the phonon frequency ω from the Butler's [32] relation for the sake of simplicity and ignoring the lattice vibrational effect, which has generated consistent results of the Coulomb pseudopotential. The parameter µ * represents the effective interelectronic Coulomb repulsion at the Fermi surface [36] . Hence, in the present case, we have adopted an equation of the Coulomb pseudopotential proposed by Rajput and Gupta [35] . Therefore, the Coulomb pseudopotential µ * is given by [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 35] 
I It is evident from the equation (4) which was originally derived by Bogoliubov et al. [36] , that the Coulomb repulsion parameter µ * is essentially weakened owing to a large logarithmic term in the denominator. Here, ε (X ) is the modified Hartree dielectric function, which is written as [27] 
Here, ε H (X ) is the static Hartree dielectric function [32] and the expression of ε H (X ) is given by [32] ,
where (X ) is the local field correction function. In the present investigation, the local field correction functions due to H [27] , T [28] , IU [29] , F [30] and S [31] have been incorporated to determine the impact of exchange and correlation effects. The details of the local field corrections are narrated below.
The H-screening function [27] is purely static, and it does not include the exchange and correlation effects. The relating expression is,
Taylor (T) [28] has introduced an analytical expression for the local field correction function, which satisfies the compressibility sum rule exactly. This is the most commonly used local field correction function and covers the overall features of the various local field correction functions proposed before 1972. According to Taylor (T) [28] ,
The Ichimaru-Utsumi (IU)-local field correction function [29] is a fitting formula for the dielectric screening function of the degenerate electron liquids at the metallic and lower densities, which accurately reproduce the MonteCarlo results as well as satisfying the self consistency condition in the compressibility sum rule and short range correlations. The fitting formula is
On the basis of Ichimaru-Utsumi (IU)-local field correction function [29] , Farid et al. (F) [30] have proposed a local field correction function of the form:
Based on equations (9-10), Sarkar et al. (S) [31] have proposed a simple form of local field correction function, which is of the form 
The expression for the effective interaction strength N O V is computed using [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 
Results and discussion
The input parameters and constants used in the present computations of the SSP of some monovalent (Cu and Au), divalent (Ca, Sr, Ba, αHg, βHg and Ra) and polyvalent (Lu, Rh, Sc, Y, La, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Ac, Th, Hf, Ru, Os, Ir, V, Ta, Pa, Cr, Mo, U, Re, Np and Pu) amorphous metals are shown in Table 1 , which are taken from the standard literature [27, 37] . Skriver and coworkers have published calculations for rare earths [23] and lanthanides [24] and Sigalas and Papaconstantopoulos [36] have given a recent tabulation for d-band elements, and which are particularly valuable since usually no other estimate of λ is available. [20, 21] . Available values of the transition temperature T C in the literature for amorphous metals like αHg, βHg, Rh, Hf, Ru, Os, Ir, V, Ta and Mo are 4.16 K, 4.16 K, 0.00325 K, 0.09 K, 0.49 K, 0.65 K, 0.14 K, 4.9 K, 4.4 K and 0.9 K, respectively. Our present results of T C for these amorphous metals calculated from Hscreening function show fair agreement with the reported findings [1, 2, 20, 21] . The theoretical results of the isotope effect exponent α for 'Mo' are found in fair agreement with reported data in the literature [20] . Also, the theoretical results of the effective interaction strength N O V for 'Ta' are also found in good agreement with the available data [21] . The maximum effects of the local field correction functions are predicted in the case of 'αHg'. However, no data is available for 'Cr' in the literature. , for Cu is 6.07% -11.58%, for Au is 6.18% -11.01%, for αHg is 7.07% -12.37%, for βHg is 5.67% -9.90%, for Rh is 4.42% -9.45%, for Hf is 4.54% -9.16%, for Ru is 3.62% -8.51%, for Os is 3.62% -8.37%, for Ir is 3.54% -8.24%, for V is 2.89% -7.42%, for Ta is 3.50% -8.12%, for Cr is 2.98% -7.95% and for Mo is 2.89% -7.63%. These changes in λ and µ * show considerable variation on T C , α and N O V . for rare earth amorphous metals is 5.57% -10.40%, 5.62% -10.67%, 6.04% -11.17%, 5.75% -10.54%, 5.59% -10.28%, 5.70% -10.43%, 5.38% -9.83%, 5.34% -9.74% 5.32% -9.84%, 5.29% -9.80%, 5.28% -9.77%, 5.23% -9.74% and 5.51% -10.11%, respectively. These types of changes in λ and µ * make considerable variation on T C , α and N O V . findings [1, 2, 20-22, 24] . The maximum effects of the local field correction functions are predicted in the case of 'Ac'. Also, one important feature is noted here that, when the transistion 'Ac'→'Np' occurs, electronphonon coupling strength λ increases and we obtain the highest values ofλ, which according to equation (6) for transition amorphous metals. The computed values of the α shows a weak dependence on the dielectric screening functions. The negative value of the α is observed in the case of metallic elements, which indicates that the electron-phonon coupling in these metallic complexes do not fully account for their superconducting behaviour. It may be due to the magnetic interactions of the atoms in these metallic complexes. It is observed that the magnitude of N O V shows that the metallic elements under investigation lie in the range of weak coupling superconductors.
It should be noted here that for all the amorphous metals, the results due to F-screening function generates the higher values, while H-screening function generates the lower values of the parameters under investigation. The data obtained from another three screening functions due to T, IU and S lie between these two screening functions. The local field correction functions due to IU, F and S are able to generate consistent results regarding the SSP of some simple, transition, rare earth and actinide elements as those obtained for more commonly employed H and T functions. Thus, the use of these more promising local field correction functions is established successfully.
It is evident from the present results that, the closest agreement with experimental values of the superconducting critical or transition temperature is obtained by the simplest and crudest approximation for the dielectric functions in the Hartree approximation. The more elaborate approaches accounting for correlations and local field corrections give significantly different results for T C . This may suggest that utilization of the empty core approximation is not so very useful or an universal approach. But, the present study has provided more a more general way to compute the superconducting properties in most of the metallic substances.
According to Matthias rules [40, 41] , the amorphous metals exhibiting Z<2 do not demonstrate superconducting nature. Hence 'Cu' and 'Au' are non-superconductors. This may be the reason that the SSP of these amorphous metals are not suitable quantities for experimental investigation. to. Since these amorphous metals do demonstrate superconducting behaviour under laboratory conditions, the experimental data on SSP for most of the amorphous metals are not available for any comparison. Despite this drawback, comparisons of currently computed results of SSP with other theoretical data are encouraging, which also confirm the applicability of Ashcroft's empty core (EMC) model potential to explain the SSP. Ascending from Z=2 to Z=8 i.e. from 'Ca'→'Pu', in the group of simple amorphous metals with the exception of 'Sr', the electron-phonon coupling strength of λ increases with lattice spacing 'a', while in the group of transition amorphous metals, rare earth amorphous metals and actinides except Au, βHg, Rh, Ir, Cr, Mo, Y, Nd, Sm, Gd, Tb, Dy, Ho, Th, Pa, U, Re and Np, the electron-phonon coupling strength λ increases with lattice spacing 'a'. Similar trends are also observed in the values of T C for of all the amorphous metals.
Finally, we would like to emphasize the importance of involving a precise form for the pseudopotential. In view of the observation that the effect of pseudopotential in strong coupling superconductor is large, it however plays a decisive role in weak coupling superconductors i.e. those substances which are at the boundary of superconducting and nonsuperconducting interface . In other words, a small variation in the value of electron-ion interaction may lead to an abrupt change in the superconducting properties of the material under consideration. In this connection we may realize the importance of an accurate form for the pseudopotential.
Conclusions
It has been shown that for the correct reproducibility of experimental or theoretical values of the SSP of metallic elements, the choice of dielectric function is an important parameter. 
